Three kinds of 3D isomorphous and isostructural coordination polymers, namely, {[Ln 2 (PDA) 3 (H 2 O) 3 ]·0.25H 2 O} ∞ (Ln = La(1), Sm(2), and Gd(3)) (PDA 2− = pyridine-2,6-dicarboxylate anion) have been synthesized under hydrothermal conditions and characterized by elemental analyses, IR spectroscopy, thermal analyses and single crystal X-ray diffraction. In these MOFs, Ln(III) centers adopt eight-coordinated and nine-coordinated with the N 1 O 7 and N 2 O 7 donor sets to construct distorted trianglar dodecahedron geometry and tricapped trigonal prism configurations, respectively. Based on the building block of tetranuclear homometallic Ln 4 C 4 O 8 unit (16-membered ring), 1-3 are connected into highly ordered 2D sheets via O-C-O linkers and further constructed into 3D architectures through hydrogen bonds. Crystallographic parameters suggest that the lanthanide contraction effect exist in these coordination polymers. Luminescent properties of the lanthanide-based MOFs (metal-organic frameworks) have been measured at room temperature, which reveal that they presenting ionselective characters toward certain metals, such as Mg
Introduction
Recently, there has been substantial interest in the metalorganic frameworks (MOFs) based on lanthanide-containing coordination polymers due to the combination of inorganic and organic ligands may construct a large number of novel architectures, [1] [2] [3] [4] [5] [6] [7] [8] and allows the rational design strategies to construct porous materials with high surface areas, predictable structures, and tunable pore sizes to target some specific functionalities, [9] [10] [11] [12] which may potentially lead to industrial applications including gas storage and separation, catalysis, guest-exchange, molecular recognition, sensors and luminescent probes, etc. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Especially, in the lanthanide compounds, the f electrons exhibit highly localized and the emission behavior of the rare-earth ions, which make intriguing lanthanide MOFs remarkably suitable for the development of tunable luminescent sensors and probes for chemical species.
30-48 Such progress within this field prompts us to rationally design and fabricate lanthanide organic frameworks possessing functional sites for specific luminescent selectivity recognition and thus to tune their functional properties. Recently, many intriguing MOFs concerned with structures and luminescent properties have been reported. 49, 50 Actually, owing to their hard character, Ln(III) ions show preference for hard binding sites having large electrostatic components so that anionic ligands such as carboxylates are strongly recommended, which may potentially provide various coordination modes and are in favor of the fabrication of higher-dimensional MOFs frameworks. Pyridine-2,6-dicarboxylic acid (H 2 PDA) and its deprotonated anions (HPDA − and PDA 2− tuned under appropriate pH value) adopt flexible, multidentate coordination sites, and therefore may potentially provide various coordination modes which are in favor of the construction of higher-dimensional MOFs frameworks. [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] These organic fragments may adopt not only diverse coordination binding modes such as terminal monodentate, chelating to one metal center, bridging bidentate in syn-syn, syn-anti, or anti-anti conguration to metal centers, but also supramolecular contacts such as hydrogen bonding, π-π interactions, etc.
62
Following our ongoing efforts toward the isolation of lanthanide MOFs, 63, 64 here we wish to report a series of 3D lanthanide MOFs obtained from the self-assembly of bridging ligands pyridine-2,6-dicarboxylic acid and its deprotonated anions with lanthanide centers, leading to the formation of tetranuclear homometallic Ln 4 C 4 O 8 motifs which play the role of robust inorganic building blocks in the construction of the lanthanide MOFs. Thermal analyses prove that the skeletons of the title MOFs are stable under higher temperature. The emission spectra of the title MOFs at the presence of Mg ). The crystal structure was determined with a Bruker Smart CCD X-ray single-crystal diffractometer. Fluorescent data were collected with an F-7000 FL spectrophotometer at room temperature. Thermogravimetric (TG) and differential thermogravimetric (DTG) analyses were conducted with a Perkin-Elmer TGA7 system under flowing N 2 stream (flow rate 40 mL/ min) from room temperature to 1000 o C at a heating rate of 10 K/min.
Hydrothermal Syntheses of the MOFs 1, 2 and 3. Synthesis of MOF 1, 1 was synthesized from the reaction mixture of pyridine-2,6-dicarboxylic acid and lanthanum nitrate at a molar ratio of 5:3 in 10 mL distilled water. The resultant mixture was homogenized by stirring for 20 minutes at ambient temperature and then transferred into 20 mL Teflon-lined stainless steel autoclave under autogenous pressure at 160 o C for 3 days and then cooled to room temperature at a rate of 5 o C/h. After filtration, the product was washed with distilled water and then dried, and colorless transparent block crystals suitable for X-ray diffraction analysis were obtained. Elemental analysis calcd (%) for C 21 X-Ray Crystallographic Determination. Single-crystal X-ray diffraction measurements of MOFs 1, 2 and 3 were carried out on a Bruker Smart CCD X-ray single-crystal diffractometer. Reflection data were measured at 296(2) K using graphite monochromated MoKα-radiation (λ = 0.71073 Å) and ω-scan technique. All independent reflections were collected in a range of 1.87 to 25.00°, 1.88 to 25.00°, 1.90 to 25.00° and 1.90 to 25.00° for MOFs 1, 2 and 3, respectively, and determined in the subsequent refinement. SADABS Multi-scan empirical absorption corrections were applied to the data processing. 65 The crystal structures were solved by direct methods and Fourier synthesis. Positional and thermal parameters were refined by the full-matrix least-squares method on F 2 using the SHELXTL software package. 66 Anisotropic thermal parameters were assigned to all non-hydrogen atoms. The hydrogen atoms were set in calculated positions and refined as riding atoms with a common fixed isotropic thermal parameter. Analytical expressions of neutralatom scattering factors were employed, and anomalous dispersion corrections were incorporated. The crystallographic data, selected bond lengths and angles for MOFs 1, 2 and 3 are listed in Table 1, Table 2 and Table 3 , respectively.
Each structure deposited will be given a deposition number (CCDC), and the number should be supplied at the Experimental section with the following standard text: Crystallographic data for the structures reported here have been deposited with CCDC (Deposition No. CCDC-831853, 819230, 831854). These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html or from CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, E-mail: deposit@ccdc.cam.ac.uk
Results and Discussion
The IR Spectra of the MOFs. MOFs 1, 2 and 3 are insoluble in common solvents such as CH 3 COCH 3 , CH 3 CH 2 OH, CH 3 CN and THF, but soluble in CH 3 OH or DMF. The structures of the MOFs are identied by satisfactory elemental analysis, IR and X-ray diffraction. High yield of the products indicate that the title MOFs are thermodynamically stable under the reaction conditions. The IR spectra of the three compounds are similar. The strong and broad absorption bands in the ranges of 3441-3409 cm −1 and 924-928 cm −1 in 1, 2 and 3 are assigned to the characteristic peaks of water Table 2 . Selected bond lengths (Å) for 1-3
Bond lengths (1)…Gd (2) 6.463 (4) Gd (2) 
76.73 ( (9) O (12)
138.00 ( . The absorption at about 1570 cm −1 is related to the NH stretching vibration. 70 The absence of the characteristic bands ranging from1690 to 1730 cm −1 indicates that the H 2 PDA ligands are completely deprotonated in the form of PDA 2− anions upon reaction with the metal ions. 71, 72 The same conclusions are also supported by the results obtained from X-ray diffraction measurements.
Structural Description of the MOFs. The single-crystal analyses reveal that 1-3 are isomorphous and isostructural, crystallizing in monoclinic space group P2(1)/c. Here, MOF 2, {[Sm 2 (PDA) 3 (H 2 O) 3 ]·0.25H 2 O} ∞ , is selected as an example to describe the formation of 3D framework in detail. The coordination environment of Sm(III) centers with the coordination modes of the PDA 2− ligands in MOF 2 is shown in Figure 1(a) where samarium entities are connected with carboxylic oxygen atoms in two types of coordination environments. Namely, Sm(1) is nine-coordinated with the N 2 O 7 donor set containing one O atom deriving from one molecule of terminal water and the rest coordination atoms deriving from PDA 2− ligands, while Sm(2) is eight-coordinated with the N 1 O 7 donor set containing two O atoms coming from two molecules of terminal water. Besides, Sm(1) ion shows tricapped trigonal prism configurations, whereas Sm(2) ion in the asymmetric coordination unit of 2 presents distorted triangular dodecahedral geometry (as illustrated in Figure 1(b, c) ). There exist three kinds of coordination modes a, b and c in the structure, around Sm (1) 
73-78
In the framework, Sm(1) and Sm(2) are connected through carboxylic oxygen bridges (O(7)-C(14)-O(8)) from one (1)···Sm (2) and Sm(1)···Sm(1A) being 6.488(4) and 4.295(3) Å, respectively, which suggests that the double-oxygen-bridge linkage of Sm (1) Figure 4) . The parameters of hydrogen bonds are listed in Table 4 .
Lanthanide Contraction. MOFs 1-3 are isomorphous and isostructural, as above mentioned. Corresponding crystal lattice constants of these MOFs clearly exhibit the lanthanide contraction effect. As shown in Table 5 , the average distances of Ln−O W , Ln−O C , Ln−N and Ln···Ln in 1-3 decrease regularly with the series of La, Sm to Gd, where it was ascribed to crystal field contractions of those rare earth ions lacking spherical symmetry. 79, 80 The 4f electrons are shielded by the 5s 2 and 5p 6 orbitals and for the MOFs they are scarcely available for covalent interaction with the ligands. Hence interactions are largely of electrostatic nature and the geometries of the Ln(III) MOFs are determined by steric factors rather than electronic ones.
49
Luminescent Properties. Luminescence studies. It is known that the lanthanide ions are promising as luminescent probes and the lanthanide centered emission can be sensitized by molecules having the π electrons. Significant emission, characteristic of the lanthanide ions, however, can be observed by employing suitable ligands that can absorb and transfer the energy to the central lanthanide ions. Generally, in coordination MOFs, the ligand is excited to the singlet state, from where part of the energy is transferred to the triplet state through inter system crossing. When the energy levels are favorable, the triplet excited state can transfer the energy to the metal centers, resulting in metal centered luminescence. [81] [82] [83] The success of this transfer of energy is reflected in the suppressing of the intra-ligand emission in the luminescence spectra.
To examine the possibility of modifying the luminescent properties through cations exchange, the solid sample of 1 was immersed in DMF (10 −4 M) containing metal cations to generate solutions at room temperature. Emission spectra of 1 in the presence of Mg 2+ , Zn
2+
, Cd
, Pb 2+ Hg
, and Cu
ions with respect to MOF 1 are illustrated in Figure 5 . The emission intensity of MOF 1 enhances gradually upon the addition of 1-3 equivalents of Mg
(Mg(CH 3 COO) 2 ) with respect to 1. As the concentration of Mg 2+ was controlled at 1 equivalent, its highest peak at 332 nm (excited at 302 nm) is nearly more than three times as intense as the corresponding peak of the solution without Mg
. When 3 equivalent of Cd 2+ (Cd(CH 3 COO) 2 ) is introduced, the emission intensity of MOF 1 increased up to three times comparing to the original MOF. To make a further understanding of this phenomenon, the same experiments were performed for the Table 4 . Distances (Å ) and Angles (°) of Hydrogen Bonds for 1-3 (Cu(CH 3 COO) 2 ) into the DMF solution of MOF 1, whereas the emission intensities just enhanced slightly (see Figure 6 ).
As for 2, the solid sample was immersed in CH 3 OH (10
M) containing metal cations to generate solutions at room temperature. When the introduction of Pb
(Pb(CH 3 COO) 2 ) is adjusted at 3 equivalent, the intensity of emission spectra at 332 and 344 nm (excited at 234 nm) sharply reduces by 23 times compared to that without adding, while the emission intensity decreases by 4 times at the presence of Cd 2+ ion (3 equivalent, Cd(CH 3 COO) 2 ) with respect to the original MOF 2, as shown in Figure 7 . Based on the observations above mentioned, the emission of MOF 2 may be due to the ligand-to-metal-charge-transfer (LMCT) from PDA 2− molecules to lanthanide emission centers are moderately efficient. 5, [84] [85] [86] [87] [88] Other metal ions including Ca 2+ and Zn 2+ ions only make indistinctive decreases of the intensities of emission spectra of 2 (see Figure 8) . Interestingly, the distinct decrease and enhancement of the emission intensities of 2 caused by Pb 2+ and Cd 2+ are more prominent at the concentration of 3 equivalent as compared with 1 or 2 equivalent metal ions, which is related to the stronger concentration-dependent selectivity of MOF 2 in the presence of Pb 2+ and Cd
. The mechanism of the luminescent feature of the MOFs along with its dependence on the co-existing metal ions is still under investigation. Thermal Analysis. Thermogravimetric analyses of 1-3 were performed in the N 2 stream from room temperature to 1000 o C. These studies are particularly informative regarding the water content of the synthesized materials and, were of great importance to help in the quantication of the water content present in the solvent accessible area of the 3D frameworks. All the lanthanide MOFs show almost similar TG and DTG curves and decompose in two steps as displayed in Figure 9 o C with the observed weight losses of 7.73%, 7.56% and 7.40%, respectively, and they are close to the calculated values of 7.03% (1), 6.85% (2) and 6.74% (3), which correspond to the destruction of one quarter of lattice water and three coordinated water molecules, and are consistent with the crystal structure analysis. Subsequently, the TG curves undergo a stable plateau around ~200-440 
Conclusion
Three novel coordination polymers containing PDA 2− ligand and metal Ln(III) (Ln=La, Sm and Gd) centers with eight-coordinated and nine-coordinated environments have been successfully synthesized under hydrothermal condition, which are assembled into 3D supramolecular networks based on the building blocks of homometallic Ln 4 C 4 O 8 unit (16-membered ring) through O-C-O bridges and hydrogen bonds. X-ray single crystal diffraction analysis indicates that MOFs 1-3 are isomorphous and isostructural. The crystal lattice parameters such as the average distances of Ln-O W , Ln-O C , Ln-N and Ln···Ln in lanthanide MOFs 1-3 regularly decrease with the series of La, Nd, Sm to Gd owing to the lanthanide contraction effect. These characters also can be proofed by thermal analysis. Higher decomposing temperatures of 1-3 indicate that they are considerable stable. The luminescent properties of 1 and 2 present selectivity toward Mg 2+ , Cd 2+ and Pb 2+ ions, which may be considered as selective luminescent probes for these metals. Multicarboxylate acid based sites within porous lanthanide MOFs are expected to play very important roles for their recognition of small molecules and metal ions. Further efforts will be focused on the design and assembly of lanthanide porous luminescent lanthanide MOFs with tuned micropores to enhance their recognition selectivity to induce preferential binding with respect to different metal ions, leading to highly selective luminescent MOFs probes, which might be exploited for the sensing of metal ions in the near future.
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